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For use of r eade r s  who p r e f e r  t o  use I n t e r n a t i o n a l  System (SI) uraits, 
r a t h e r  than t h e  incn-pound terms used i n  t h i s  r e p o r t ,  the r'ollowing conversion 
f a c t o r s  may be used: 

Nul tLpQ ----- &&I! ----=...---- To obta in  

i n c h  (in,) 25.4 millimeters (mu) 
f o o t  ( f t )  0.3048 u e t e r  (ru) 



By Joseph P. Beverage and James C, F u t r e l l  II 

S u s p e n e e d - s e d i a e n t  s a m p l e r s  mus t  s a m p l e  i s o k i n e  t i c a l l y  ( a t  stream 
v e l o c i t y )  i n  o r d e r  t o  c o l l e c t .  r e p r e s e n t a t i v e  w a t e r  s a m p l e s  of  r i v e r s .  Each 
s a m p l e r  s o l a  by t h e  F e d e r a l  I n t e r a g e n c y  S e d i m e n t a t i o n  P r o j e c t  o r  by t n e  U.S. 
G e o l o g i c a l  S u r v e y  H y d r o l o g i c  I n s t r u m e n t a t i o n  F a c i l i t y  h a s  been  a d j u s t e d  t o  
s a m p l e  i s s k i n e t i c a l l y  and t e s t e d  i n  a f l u m e  Lo v e r i f y  t h e  c a l l b r a t i o n .  The 
t e s t .  prograer  f o r  a m o d i f i e d  U.S. P-61 s a m p l e r  p r o v i d e d  an  o p p o r t u n i t y  t o  
compare  f l u m e  and t o w i n g  t a n k  t e s t s ,  Al though t h e  two t e s t s  y i e l d e d  
s t a t i s t i c a l l y  d i s t i n c t  r e s u l t s ,  Ghe d i f f e r e n c e  be tween them was q u i t e  small .  
The c o n c l u s i o n  i s  t h a t  v e r i f y i n g  t h e  c a l i b r a t i o n  o f  any suspended- sed imen t  
sampler  by e i t h e r  t h e  %'lume or  towing ruethoa should g ive  accep tab l e  r e s u l t s .  



Suspended-sed ianem s a m p l e r s  m u s " k a m p l e  i s o k i n e t i o a l l y  ( a t  s c r e a m  
v e l o c i t y )  i n  o r d e r  t o  c o l l e c t  t r u l y  r e p r e s e n t a t i v e  s a m p l e s  o f  r i v e r  wa te r .  
Each sampler  so ld  by the  Federa l  Interagency S e a i n e n t a t i o n  P r o j e c t  (FISP) o r  by 
t h e  Hydrologic Instrumeratat ion F a c i l i t y  (B1F) of t h e  U,& Geological Survey has  
been ad jus t ed  t o  sample i s ~ k i n e t i c a l l y ,  Each samples is then e e s t e a  i n  a  blume 
t o  v e r i f y  t h e  c a l a b r a t i o a  

T h e r e  i s  a g e n e r a l  f e e l i n g  o f  u n e a s i n e s s  a b o u t  t h e  a c c e p t a b i l a t y  o f  t h e  
towing method f o r  verik'yirdg the  c a l i b r a t i o n  of s uspenaed-  s e d i m e n t  s a m p l e r s .  
The p r i m a r y  r e a s o n  f o r  t h i s  i s  t h e  l a c k  o f  t u r b u l e n c e  i n  towang tanks .  A 
sampler  i n  a  r i v e s  i s  i n  a n a t u r a l l y  t u r b u l e n t  environment. Therefore,  i t  h a s  
been assumed t h a t  t h e  sampler  should be c a l ~ b r a t e d  i n  a  s i m i l a r  environment. A 
f'ew atsellap%s t o  coiapare t h e  two methods  w e r e  made a n  t h e  p a s t ,  b u t  t h e  d a t a  
a v a i l a b l e  a r e  q u i t e  b ~ m i t e d ,  

I n  1983 t h e  H y d r o l o g i c  l n s t r u r n e n t a  t i o n  P a c i b ~ t y  s o u g h t  t o  i m p r o v e  t h e  
a e s i g n  of t h e  US P-61 sampler - -one  of t h e  s t a n d a r d  p o a n t - i n t e g r a t i n g ,  
suspended-sealmeaat  s a m p l e r s  i n  u se  within t h e  U n i t e d  S t a t e s ,  Tne v a l v e  
mechanasm was t h e  focus  of t he  r eaes ign  ef'd'ort fsr two reasons:  (1) a need t o  
r e d u c e  t h e  ene rgy  r e q u i r e d  t o  c y c l e  t h e  v a l v e  and (2) a need  t o  l e s s e n  t h e  
go t ene i a l  f o r  sample coratamination by t r a c e  metals,  Tes t ing  of the new aes ign  
o f f e r e d  a n  o p p o r t u n i t y  t o  check  t h e  c o m p a r a b i l ~ t y  of  t swang  and f l u m e  
o a l i b r a t i o n  v e r a f i c a t i o n  This  r e p o r t  summarazes and compares t h e  r e s u l t s  of 
both methods. 

The: a u t h o r s  w i s h  t o  acknowledge  t h e  s u p p o r t  p r o v i d e d  by t h e  f o l l o w i n g  
agencies:  A g r i c u l t u r a l  Wesearsh Service:, Bureau of Reclamation, Fo re s t  Serv ice ,  
Bureau od' Land Management, and t h e  Federa l  Highway Aaartinistratioba, 

The u o d i f i e d  P-61 u s e d  i n  t h i s  s t u d y  was first a a j u s t e d  f o r  b a l a n c e  and 
t e s t e d  f o r  l e a k a g e ,  The P-6 1 s a m p l e r  u n d e r s a m p l e s  ( s a m p l e s  a t  l e s s  t h a n  an  
a s o k i n e t i c  r a t e )  when m a n u f a c t u r e d  t o  t h e  e n g i n e e r ~ n g  d r a w i n g s ,  and t h e  
modified P-61 was no except ion.  Therefore,  the downstream end of the nozz le  
was reamed s l i g h t l y  wath a  tapered  (0.25 itach-per-foot) reamer. The in t ake  end 
of t h e  n o z z l e  was u n d ~ s t u r b e d .  The s a m p l e r  was  t e s t e c i  i n  t h e  f l u m e  and ,  as  
necessary,  reamed furthelo, The procedure was repea ted  u n t i l  t h e  t a r g e t  i n t a k e  
r a t i o  o f  1.00 had been  a c h i e v e d ,  The same s a m p l e r  was u sed  i n  b o t h  t e s t s  and  
no reaming was done a f  ter t e s t i n g  was begun. 



The f lume test was pergormed by FISP personnel  i n  t h e  c a l i b r a t i o n  f lume a t  
t h e  S t .  Anthony F a l l s  H y d r a u l i c  L a b o r a t o r y  of t h e  U n i v e r s i t y  of Minneso ta  i n  
Minneapolis,  bliranesota, Tne non-recirculatiaal$ f lume used i n  t h i s  s tudy is 300 
f t  ( f e e t )  l o n g ,  8 f t  w i d e ,  and  8 f t  deep ,  arid i s  s u p p l i e d  by t h e  M i s s i s s i p p i  
River, The narrovec? kesk s e c t i o n  !a% t h e  downstream ena) is approximately 18 
f'k l o n g ,  3 f t  w i d e ,  and  8 k ' t  deep,  

For t he se  t e s t s ,  $he flow baas ad jus t ed  t o  the approximate des i r ed  v e l o c i t y  
w i t h  hyd rau l i c  con t ro l& The v e l o c i t y  a t  t he  iDtended nozzle  depth then was 
checked  w a t h  a t y p e  AA P r i c e  c u r r e n t  me te r ,  %'Be s a m p l e r  was l o w e r e d  t o  t h e  
2.0-f t  s a m p l i n g  d e p t h  w i t h  a  dry c o n t a i n e r  and t h e  v a l v e  was opened and t h e  
m e c h a n i c a l  s t o p w a t c h  w a s  s t a r t e d  s i m u l t a n e o u s l y ,  A t  t h e  end o f  t h e  
predekermined sampibi~g per iod,  khe va lve  was closed and the sampling t ime was 
recordea. The sampler  was r a i s ed ,  t h e  conta iner  was removed from t h e  sampler ,  
and the  volume of sample was recorded, Two more samples were obtained be fo re  
$he v e l o c i t y  was checked aga in ,  The f l u m e  was t h e n  a d j u s t e d  t o  a h i g h e r  
v e l o c i t y  and t h e  p r o c e a u r e  was r e p e a t e d ,  The n o z z l e  i n t a k e  v e l o c i t y  was  
computed from t h e  s a u p l e  volume, sarnplang tame, and nozz le  diameter. 

The t o w l n g  t e a t  was pe r fo rmed  i n  t h e  U,S, G e o l o g i c a l  Survey  Tow Tank 
F a c i l i t y  w i t n l n  t h e  H y d r a u l i c s  LaboraGosy a t  t h e  Mataona l  Space  Technology  
L a b o r a t o r i e s  n e a r  Bay S t ,  Lou i s ,  M ~ s s i s s i p p i .  T h i s  t e s t  f a c i l i t y  is a 450 f t  
l o n g  tow t a n k  tha t .  i s  42 f t  w i d e  and 42 6'6 deep ,  w i t h  t h e  w a t e r  d e p t h  
maintained a t  14 f't, The e l e c t r i c a l l y  powered c a r r i a g e  t r a v e l s  on r a i l s  a t o p  
the  tank and con ta in s  a  da t a - acqu i s i  t i s n  sy stern t h a t  c o l l e c t s  t r ave l -  time and 
gaistance d a t a  This  tow c a r r i a g e  f a c l l i $ y  has a speed range of 0.01 t o  1 4  X't/s 
( f e e t  per second) ana h a s  a  speed accuracy o f  0.0% percent,  

%'he s a m p l e r  was l o w e r e d  t o  a  s a m p l i n g  d e p t h  of  2 lf't and t h e  t o w l n g  
c a r r i a g e  was star$ed,  The sampler  va lve  was opened and t iming  of the sampling 
i n t e r v a l  began when t h e  ca r r i age  had a t t a i n e d  t h e  c o r r e c t  predetermined speed 
a s  i n d i c a t e g .  lay t h e  "AT SPEEDw l i g h t  on t h e  a a t a - a c q u i s i t i o n  system. Toe 
aaaapler va lve  was l e f  % open f o r  a  p r ede t e rm~ned  l e n g t h  of' t ime  t h a t  was calcu-  
l a t e d  t o  f i l l  $he c o n t a i n e r  f rom h a l f  t o  t w o - t h i r d s  f u l l .  The s a m p l i n g  
procedure was repea ted  t h r e e  a d d i t i o n a l  t imes  a t  t h e  same tow ing  veloci ty .  The 
e n t i r e  procedure was repeaGed f'or subsequent s e l e c t e d  towing v e l o c i t i e s ,  

Recorded d a t a  i n c l u d e d  b o t h  g r o s s  ana  t a r e  s a m p l e - c o n t a i n e r  w e i g h t s ,  
sampling t ime,  towing d.isr;ance, and the c a r r i a g e  t r a v e l  tlrne f o r  t h a t  dis tance.  
Pram t h i s  raw d a t a ,  t h e  n e t  s a m p l e  w e i g n t ,  l n t a k e  v e l o c i t y ,  and c a r r i a g e  
v e l o c i t y  were compute& 



A summary of t h e  a a t a  i s  g i v e n  i n  t a b l e  9. The &ow-tank a a t a  a r e  f rom a  
r e p o r t  submi t ted  t o  $he HIF by Computer Sc iences  Corporat ion ( w r i t t e n  cornmm,, 
41985), B ~ l h  the  f lume v e l o c i t y  and %he c a r r i a g e  v e l o c i t y  a r e  assumed t o  be t h e  
a p p r o a c h  v e l o c i t y  of  t h e  n o z z l e ,  The a v e r a g e d  d a t a  a r e  p l o t t e d  i n  f i g u r e  1. 
The l i n e s  of r e l a t i o n  f o r  bath sets of da ta  p l o t  above the  l i n e  of e q u a l i t y  a t  
low v e l o c i t i e s  ana p l o t  below a t  h igh  v e l o c i t i e s .  The two r e g r e s s i o n  equa t ions  
a r e  : 

lVn i s  t h e  ~ n t a k e  ( n o z z l e )  v e l o c i t y  i ra .  t ' t / s ,  and M s  i s  t h e  a p p r o a c h  v e l o c i t y ,  
a l s o  i n  ft/s. The r2 va lues  a r e  0.9993 f o r  t h e  flume equat ion (11, ana 0.9999 
f o r  t h e  t o w l n g  t a n k  e q u a t i o n  (2) ,  An r2 v a l u e  c l o s e  t o  u n i t y  and ica ' s e s  a  v e r y  
c l o s e  agreement between the  d a t a  ana t he  equat ion,  and ca r robora t e s  t h e  v i s u a l  
impress ion  given by P'igure 1, 

An a n a l y s i s  o f  c o v a r i a n c e  o f  t h e  d a t a  i n  t a b l e  'i was k i n d l y  p r o v i d e d  by 
&SF, Gil roy  ( w r i t t e n  c o a a u r ~ ,  1986) us ing  a  r eg re s s ion  model of %he form: 

where X i s  a  dummy v a r i a b l e  equal  t o  z e r o  %'or flume d a t a  and un i ty  f o r  tawing 
t a n k  d a t a .  The a n a l y s i s  s h o w e d  t h a t  b o t h  s l o p e  a n d  i n t e r c e p t  w e r e  
s i g n i f  i c a n t l y  d i f f e r e n t  be tween the  two tests. 

Whi l e  s t a t i s t i c a l l y  d i s t i n c t ,  t h e  two  c u r v e s  o r  f i g u r e  1 a r e  a l s o  v e r y  
sirrailar, Gi l roy suggested desc r ib ing  the  s i m l l a r f Q  a s  a percent  d i f f e r ence ,  
PBIF, between e s t i m a t e s  of 'J, based on equa t ions  1 and 2 $'or a  given Vs. PUTF 
i s  t h e  d i f f e r e n c e  be tween  e s t i m a t e s  d i v i d e d  by t h e  mean of t h e  e s t i m a t e s  
m u l t i p l i e d  by 100: 

PDIF - 100(-0,096 + Q.027Vs) / (0.5820 1- 0.8595VS) ( 4 )  

PBIP  v a r i e s  smoothly from -8.01 percent  Tor V, -- 0.515 f t / s  t o  1.92 percent  f o r  
'J, - 10.22 S't/s. Fo r  a p p r o a c h  v e l o c i t i e s  g r e a % e r  t h a n  2 f t / s ,  t h e  d i f f e r e n c e  
between the  two curves i s  l e s s  than 2 percent, The two curves  we thus  q u i t e  
s i m i l a r  w h i l e  being s t a t i s t i c a l l y  d i s t i n c l ,  

The main f i n d i n g  of t h i s  s tudy  is t h e  c lose  s i m i l a r i t y  i n  the  r e s u l t s  of 
t h e  two tests. Indeed, t he  two equa t ions  p l o t  uo re  c lo se ly  La each o the r  than 
t o  t h e  l ~ n e  o f  e q u a l i t y .  The d i f f e r e n c e  I n  t u r b u l e n c e  be tween  t h e  f l u m e  and 
t o w i n g  t a n k  a i d  n o t  have  much e f f e c t  on t h e  i n t a k e  r a t e  i n  t h e s e  tests. O f  
c o u r s e ,  t h e  f l u m e  a a e s  n o t  have  t h e  l e v e l  of t u r b u l e n c e  f ouncd i n  a  n a t u r a l  
s t r e a m  b e c a u s e  i t  l a c k s  bed f 'orms,  meande r s ,  and bank v e g e t a t i o n .  However, 
t h e s e  n a t u r a l  s t ream f e a t u r e s  tena  t o  genera te  l a rge - sca l e  turbulence,  and t h e  
sampler  w i l l  respond by r e o r i e n t a t i ~ n  t o  t h i s  turbulence,  Consequently, t he  



Table 1.--Apprsaolh and iratake welocity data for f l u a e  ma t o u ~ g  tank test%, 

[ A l l  v e l o c i t i e s  a r e  i n  f e e t  pe r  second]  

Flume d a t a  September 1945 -,---,,---t--, -------- ------ Towing- --------- t a n k  dataS-,N,oov_eg.._egE~~t3~ 

Approach Computed 
v e l o e i  t y  i n t a k e  

v e l o c i t y  

Approach 
v e l o c i t y  

Computed 
i n t a k e  
v e l o c i t y  



d i f f e r e n c e  i n  
t he  ef'%'ect oi' 
s i m i l a r  r e s u l t  

t u r b u l e n c e  be tweon t h e  f lusne  and t o w i n g  t a n k  i s  a  gooa t e s t  of 
t w b u l e n c e  on t h e  i n t a k e  r a t e  Because the  t w s  tests gave such 
,a, e i t h e r  methoa of  v e r i f y i n g  c a l i b r a t i o n  appears  a c c e p t a b l a  

The s t a t i s t i c &  distir,o$kaess of $he twa simLl.ar equa t ions  i s  s t d l 1  q u i t e  
i n t e r e s t i n g  Severa l  explanations may acesun$ 2'0s t h i a  One is t h e  Dresence 
o r  l a c k  of t w b u l e n c e  i n  &he flumee Another explana t ion  is Chat $he two a a t a  
s e t s  w e r e  o b t a i n e d  a t  d i f f e r e n t  w a t e r  t e m p e r a t u r e s ,  Water t e m p e r a t u r e  was 
measu red  i n  o n l y  one  of t h e  t e s t s ,  however ,  The s e l a t k o n  be tween  i n t a k e  and 
s t ream v e l o c i t y  Is tempera ture  dependent ( Interagency Committee, 1952, pe 78- 
7'9). F i g u r e  41 of t h a t  r e p o r t  shows  tha t .  t h e  ra t iad of I n t a k e  t o  a p p r o a c h  
v e l o c i t y  i nc reases  0,004 f o r  every OF (degree P a h r e m e l t )  i nc rease  above 32 OF 

f o r  B 3/16- inch  n o z z l e  d i a m e t e r ,  A change of t h i s  m a g n l t u a e  s h o u l d  a p p l y  
uniformly over t he  e n t i r e  v e l o c i t y  range, Howeverb, %he two l ~ n e s  i n  f i g u r e  1  
c r o s s ,  and  t h i s  would nol; be r;he c a s e  i f  t e a p e r a t u r e  d i f f a r e n c e a  caused  t h e  
d i f f e r e n c e  i n  t h e  two r e l a t i o n s ,  The towlng-tank equa%d.on p l o t s  h igher  than 
t h e  %';blame e q u a t i o n  a t  low v e l o c i t i e s ,  b u t  t h e  r e v e r s e  i s  & r u e  a t  h i g h  
v e l o c i t i e s .  Because f lume v e l o c i t i e s  a r e  checked w i t h  a type AA cupareat meterg 
i t  is p o s s i b l e  tha$ t h e  lo%-ve1oci$y perf'ormance ~f the  a e & e r  may have aegraaea 
s l i g h t l y  a f t e r  many y e a r s  of u se  in s i l t - l a d e n  r i v e r  w a t e r ,  The s~aJ .1 ,  low- 
v e l o c i t y  dif ' ferenoes say r e s u l t  from such a  condi t io& Turbulence is g r e a t e r  
a t  high v e l o c i t i e s  and migh& be kespons ib le  $or t h e  sma l l  d i f f e r e n c e s  between 
the  two @quat ions  i n  t h i s  v e l o c i t y  range, 

The d i f f e r e n c e  be tween  % h e  l i n e  o f  e q u a l i t y  and t h e  buo  e q u a t i o n s  i s  
 mall. The aif ' ference can b e  magnif ied a f  it. i s  displayed a s  an e r r o r  r a t i o :  
(Vn - Vs) / Mae F igure  2 shows $he vapia$ion of bile e r r o r  r a t i o  w ~ t h  approach 
v e l o c i t y  usraag averaged d a t a  f r o a  t a b l e  I, Tkae very hLgh r a t i o %  f o r  approach 
v e l o c i t i e s  less than 2 f d / s  a r e  t h e  r e s u l $  of a d e l i b e r a t e  aes ign  f e a t u r a  The 
e l e v a t i o n  of t he  a i r  e a a u s t  on a P-64 i s  nearby I i nch  above t h e  i n t a k e  nozzle  
t o  i n s u r e  t h a t  t h e  water  e n t e r s  t h e  nozz le  and not  t h e  exhaust, B consequence 
of' t h i s  f e a t u r e  is  t h a t  t he  sampler  w i l l  c o l l e c t  a  sample even in s%ill wa%er, 
s u c h  a s  i n  a l a k e ,  Esweverp  t h e  e r r o r  i n  c o n c e n $ r a % i o n  shoulci b e  low a"r,lo%a 
v e l o c i t i e s ,  because  t h e  c o a r s e r  sedisaen's, p a r  t i c l _ e s  n o r m a l l y  a r e  no$ i n  
suspension,  

What t h e n  i s  c a u s i n g  t h e  e r r o r s  i n  QonosBa%~a%ion a %  h i g h e r  v e l o c i t i e s ?  
The e f f e c t  sf mder-  loor oversampling on sediment-or~ncen%ra$ion e r r o r s  2 s  q u i t e  
sanalb, except f o r  sediment pa rL ic i e s  l a r g e r  t h a ~ i  0.862 saaLAlametea-s ( Interagea~ay 
Gomioaittee, 1941, p. 39-39). F i g u r e  3 r e l a t e s  t h e  c o n c e n t r a t i o n  e r r o r  Lo t h e  
ve1adci t y  r a t i o  f o r  0.06- and 0.45-mm p a r t i c & . e s ,  GeazelraPly s p e a k i n g ,  t h e  
s a m p l i n g  e r r o r  caused  by unde r sampl in$ ;  i s  more s e s i ~ u s  t h a n  % h a t  by 
oversaeapling. The cuarves a r e  s t e e p e r  on t h e  le f t -hana  s i d e  of It"igure 3 than lon 
t h e  right-hand s i d e ,  E r r o r s  i n c r e a s e  w i t h  i a c r e a a i n g  p a r t i c l e  s i z a  The e r r o r  
c u r v e  f o r  0,06-ma p a r t i c l e s  i s  q u i t e  f l a t  a n d  c l o s e r  60 t h e  x - a x l s  t h a n  t h e  
curve f o r  t h e  0,45-mnn p a r t i c l e s ,  For t h e  Qela5-plam curve, mdersampl ing  by ha2.P' 
c a u s e s  a n  a l m o s t  36) p e r c e n t  e r r o r  i n  c s n c e n t r a t i o n ,  whe reas  o v e r s a m p l l n g  by 
t w i c e  c a u s e s  a b o u t  a  26 p e r c e n t  e r r o r ,  The modl f ' i ea  P-6% used  281 t h i s  s t u a y  
maersampled  p r i m w i l y  a t  v e l o c i t i e s  g r e a t e r  than 6 f't/s, A t  10 f'%/s, t h i s  P- 
6 1  unaersampled by l g s s  than 40 percent,  For Oed65-miLlimeLer p a r t i c l e s ,  t he  
e r r o r  I n  concent ra t ion  i s  l e s s  than t h r e e  percent  f o r  I0  percenL waersampling,  
However, f i g u r e  3 shows t h a t ,  f o r  tlae presen t  study, t h e  range of We: r e l a u v e  
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Figure 2.--Relation between error ratio, (Vn-V,)/V,, and approach velocity 
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Figure 3.--Relation between concentration error and relative sampling ratio, 
\/,I'd,, far 0.06 and 0.45 millimeter particle sizes 

s a m g l l n g  r a t i o  was  r o u g h l y  f rom 0.9 t o  2.0. The a p p a r e n t  c o r r e s p o n d i n g  
c o n c e n t r a t i o n  e r r o r s  would r a n g e  f r o m  +3 t o  -46 p e r c e n t ,  r e s p e c t i v e l y ,  f o r  
(a,45-mm mater iar .  These coa r se r  par t ;c les  a r e  no t  normally found i n  suspension 
a t  v e l o c i t i e s  below 2  ft/s, however, The range i n  r e l a t i v e  sampling r a t i o  f o r  
v e l o c i t i e s  g r e a t e r  t h a n  2 f t / s  i s  f rom 0.3 t o  3 .I 5 ,  as shown on f i g u r e  3, For  
t h i s  r a n g e  and p a r t i c l e  s i z e ,  t h e  c o r r e s p ~ n d i n g  c o n c e n t r a  t i o n  e r r o r s  a r e  
be tween  +3 and -5 p e r c e n t .  F i g u r e  4 more c l e a r l y  shows Che c o n c e n t r a t i o n  
e r r o r s  of t h e  i n d i v i d u a l  a a t a  p o i n t s  a s  a f ' u n c t i o n  of' %he a p p r o a c h  v e l o c i t y .  
The c o n c e n t r a t i o n  e r r o r s  were o b t a i n e d  f rom dr'igure 3. However, t h e  r e a u e r  
s h o u l d  u n d e r s t a n d  t h a t  t h e  c o n c e n k r a t i o n  e r r o r s  d i s c u s s e d  i n  t h i s  p a r a g r a p h  
r e l a t e  QQ&J t o  t h o s e  c a u s e a  by unuer-  o r  o v e r s a e a p l ~ n g .  T h i s  c a v e a t  i s  n o t e d  
b e c a u s e  t h e r e  a r e  ~ t h e r  a v e n u e s  f o r  t h e  i n t r o d u c t i o n  of e r ror - -namehy,  
m e c h a n i c a l  p r o b l e m s  o r  dynamic  s a m p l e r  mo t ion  under  c e r t a i n  o p e r a t i n g  
condi t ions ,  
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Figure 4.--Relation between approach velocity and concentration error 
for the modified P-61 sampler used in the present study 



Not a l l  flmes o r  towkng &anks w i i l  meet t h e  minimum requi rements  of s i z e  
o r  acou raoy ,  The s a m p l e r  n e e d s  t o  b e  L e s t e d  a t  a d e p t h  of  more t h a n  one  
sampler  d i m e t e r  t o  minimkze t h e  e f f e c t  of surface-wave r e s i s t ance .  For t h e  P- 
61 s a m p l e r ,  a t es t  d e p t h  g r e a t e r  t h a n  1,5 f e e t  i s  recommended, The s a m p l e r  
should be a $  l e a s t  t h i s  same mininum d i s t ance  from t h e  bottom ana side w a l l s  t o  
a v o i d  w a l l  e f f e c t s ,  The f l u m e  t e s t  s e c t i o n  d o e s  no% q u i t e  q u a l ~ f y  i n  t h i s  
r e g a r d ,  However, t h e r e  d o e s  n o t  a p p e a r  t o  be any e f f e c t  of b l o c k a g e  of  t h e  
flow passfng the  a m p l e r  a t  hlgh velocities Referabng aga in  t o  f i g u r e  1, t he  
f lume curve 1s c l o s e r  t o  t h e  lirie of' e q u a l i t y  a t  t l lgher v e l o c i t i e s  thart, is t h e  
t o w i n g  t a n k  curve.  Any b l o c k a g e  e f f e c t  s h o u l d  l o w e r  t h e  f l u m e  c u r v e  i n  t h i s  
r e g i o a  I n  a d d i t i o n  t o  miniamma w a l l  d i s t ances ,  a f Iume should have uniform 
flow l i n e s  approaching the  s w p l e n  

A t o w i n g  t a n k  shohd16( be l o n g  enough f o r  t h e  t o w i n g  c a r r i a g e  t o  r e a c h  
cons t an t  ve loo i ty ,  t r a v e l  a s u r f i c i e n t  d i s t ance  t o  c o l l e c t  a proper sample, ana 
have enough room remaining t o  s t o p  sa fe ly ,  An advantage of indoor t e s t i n g  is  
t h a t  t h e  water  t empera ture  w i l l  be more conslaLent throughout t h e  y e w  than i f  
&he towing tank were outdoors  arac! aupplaea by r i v e r  water. The towing methou 
a l s o  ol ' fers  t he  advantage of' d i r s o t  and very accu ra t e  measuremeidt of  veloci ty .  
For a xlonreblroulating f lume,  the f a c t o r e  that. a f f e c t  t h e  s u i t a b i l i t y  of %he 
tests w e  the  availability of s u f f i c i e n t  water ,  and the  c l a r i t y  and tempera ture  
of' t h e  water  . For a r e c i r c u l a t i n g  flume, %he energy cos t  f o r  t h e  pumps can be 
cons iaerab le ,  

There pis L i tL le  d i f f e r e n c e  &pa Che r e s u l t s  o f  t he  Lwo methods (f lume test 
and  t o w i n g  t a n k  t e a t )  u sed  to v e r i f y  t h e  c a l i b r a t i o n  of  t h e  U,S, P-61 
suspended-sediment samplere Theref o re ,  e l  t n e r  me thod s h o u l d  g i v e  a c c e p t a b l e  
r e s u l t &  S t a t i s t i c a l l y ,  t h e  r e l a t i o n s  between i n t a k e  ana scream v e l o c i t i e s  f o r  
t h e  two method% a r e  n o t  t h e  same, b u t  t h e  d i f f e r e n c e  i s  s m a l l .  The l a c k  o f  
t u r b u l e n c e  i n  t h e  tow kng t e s t  p r o b a b l y  a c c o u n t s  f o r  t h e  sl i g h t  d i s p a r i  t y  
between the  two r e l a t i o n s ,  

The f i n d i n g s  sf t h i s  s t u d y  s h o u l d  a p p l y  t o  o t h e r  t y p e s  o f  s a m p l e r s ,  
However, t h i s  r e p o r t  p r e sen t s  t h e  r e s u l t s  sf one pa187 of &@st5 using only one 
sagapler, A l a r g e r  s tudy may b e  needed before  a permanent swi t ch  of procedures  
i s  adopted ,  
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